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Introduction: Reasons for physics beyond the Standard Model
Although the Standard Model (SM) of particle physics provides an excellent description of electroweak and strong interactions, there are many reasons that we expect to observe new forces giving rise to new particles at larger masses than the known fermions or bosons. One oft noted source of this belief is the observation of dark matter in the cosmos as evidenced by galactic angular velocity distributions [1] , gravitational lensing [2] , and galactic collisions [3] . The existence of dark energy, believed to cause the accelerating expansion of the Universe, is another source of mystery [4] . The fine tuning of quantum corrections needed to keep, for example, the Higgs boson mass at the electroweak scale rather than near the Planck scale is another reason habitually mentioned for new physics (NP) and is usually called "the hierarchy problem" [5] .
It is interesting to note that the above cited reasons are all tied in one way or another to gravity. Dark matter may or may not have purely gravitational interactions, dark energy may be explained by a cosmological constant or at least be a purely general relativistic phenomena, and the Planck scale is defined by gravity; other scales may exist at much lower energies, so the quantum corrections could be much smaller. There are, however, many observations that are not explained by the SM, and have nothing to do with gravity, as far as we know. Consider the size of the quark mixing matrix (CKM) elements [6] and also the neutrino mixing matrix (PMNS) elements [7] . These are shown pictorially in Fig. 1 . We do not understand the relative sizes of these values or nor the relationship between quarks and neutrinos. We also do not understand the masses of the fundamental matter constituents, the quarks and leptons. Not only are they not predicted, but also the relationships among them are not understood. These masses, shown in Fig. 2 , span 12 orders of magnitude [7] . There may be a connections between the mass values and the values of the mixing matrix elements, but thus far no connection besides simple numerology exists.
What we are seeking is a new theoretical explanation of the above mentioned facts. Of course, any new model must explain all the data, so that any one measurement could confound a model. It is not a good plan, however, to try and find only one discrepancy; experiment must determine a consistent pattern of deviations to restrict possible theoretical explanations, and to be sure the new phenomena is real.
Use of flavour physics as a new physics discovery tool
While measurements of CKM parameters and masses are important, as they are fundamental constants of nature, the main purpose of flavour physics is to find and/or define the properties of physics beyond the SM. Flavour physics probes large mass scales via virtual quantum loops. Examples of the importance of such loops are changes in the W boson mass (M W ) from the existence of the t quark of mass m t , dM W ∝ m 2 t , and changes due to the existence of the Higgs boson of mass M H , dM W ∝ ln(M H ).
Strong constraints on NP are provided by individual processes. Each process provides a different constraint. Consider for example the inclusive decay b → sγ. The SM diagrams are shown in Fig. 3(a) . The SM calculation considers either a B − or B 0 meson and then sums over all decays where a hard photon emerges. The Feynman diagrams corresponding to a NP process with a virtual charged Higgs boson are shown in Fig. 3(b) . My average of measured branching fractions, including a recent result at this conference from BaBar [8] , is
The SM prediction is (3.15 ± 0.23) × 10 −4 [9, 10] ; thus the ratio of the measured to theoretical prediction is 1.07±0.10, which serves to severely limit many, if not most, NP models. An example of such a constraint for the two-Higgs-double model (2HDM), with the ratio of the vacuum expectation values of the two Higgs doublets having a value of tan β = 2, is given in Fig. 4 . The intersection of the lower edge of the NP prediction with the upper line of the experiment gives a limit at the approximately two standard deviation (σ ) level of m H + > 385 GeV [11] . It is of course true that experiments measure the sum of SM and NP, so to set limits or see signals from NP we have to be confident in understanding the SM contribution. This was clear in the above example of b → sγ. In other processes SM calculations are not possible, or are not unambiguous. An often used paradigm is that "tree-level" diagrams are dominated by SM processes, but loop level diagrams can be strongly influenced by NP. Examples of tree diagrams are given in Fig. 5(a) , while both SM and loop diagrams that could have new as yet undiscovered particles in the loop are shown in Fig. 5(b) ; here both diagrams would add in amplitude and thus interfere allowing for either increases or decrease in rates and asymmetries. NP can also be limited via a general study of loop processes, again assuming that it doesn't contribute to tree-level processes. One can write a general local Lagrangian which includes an infinite tower of operators with dimension d > 4, constructed in terms of SM fields, suppressed by inverse powers of an effective scale Λ > M W as
where the O's represent the SM fields [12] . Lower bounds on Λ are shown in Table 1 , taking the c i coefficients equal to one for different operators. These limits are impressive ranging from approximately 100 to 10,000 TeV, well beyond the direct collider limit search possibilities. Of course it is possible that the c i are smaller than one, but they have to be in range from 10 −6 to 10 −9 to bring these limits to the TeV scale. There are ways, however, that NP can be consistent with these limits. One way is for the new particles in the loop diagrams to be degenerate in mass and have opposite phase, so they cancel in the loops. Another is for the quark mixing angles to be the same in the NP sector as in the SM. This defacto prescription, called "Minimum Flavor Violation," is well described by Buras [13] . Of course very heavy new particles are also a possibility. Overall, these measurements put very severe constraints on NP models.
Mixing and CP violation
Let us consider in more detail the mixing diagrams which allow transformation of neutral mesons into their anti-particles. Fig. 6 shows the second order weak interaction diagrams for D 0 , B 0 and B 0 s mesons. The amplitude strength depends on the values of the CKM elements at the four vertices and approximately as the magnitude of the mass-squared of the virtual quarks permitted. B 0 and B 0 s mixing transitions are far larger than that of the D 0 , because the t quark is allowed in the B cases, but for the D 0 the heaviest allowed exchange quark is the b. Hence D 0 mixing is quite small, but finite [28] , while the B 0 is quite significant and the B 0 s huge, the difference in the two B cases is due entirely to relative sizes of the CKM elements.
The Schrödinger equation is used to describe time dependent transformations between meson and anti-meson states for diagrams similar to the one in 
Diagonalizing we find Time dependent CP violation depends on the process in many ways. If the final state f is a CP eigenstate then f =f and the CP violating asymmetry is defined as [16] 
The amplitudes are defined as
The magnitude of the CP violating effect for each channel depends on the CKM elements present in the decay, and is given by
The decay rates, when |λ f | = 1, are given by
Thus the CP violating asymmetry is given by 
can be expressed in terms of the phase angle φ s , and the CP parity of the final state, η CP . In the SM
04 rad for CP odd states [17] . Based on a conjecture by Stone and Zhang [18] , the LHCb collaboration found the decay mode B 0 s → J/ψ f 0 (980) where f 0 (980) → π + π − , close to the predicted level [19] , and was soon confirmed by others [20] . As the final state consists of a scalar f 0 (980) and a vector J/ψ, the relative angular momentum between the f 0 (980) and the J/ψ is a P-wave and the final state is pure CP odd. LHCb then examined the entire π + π − mass spectrum in the B 0 s → J/ψπ + π − channel, shown in Fig. 8 . The region between the arrows has a large signal to background ratio. In this region a full Dalitiz like analysis was performed that identified the individual components, and more importantly showed that the final state is > 97.7% CP-odd [21] . Measurement of CP violation based on Eq. 3.5 gives a value φ s = −0.019 The J/ψφ state being composed of two vector particles is not a CP eigenstate. Such final states still can be used but an angular analysis is necessary to separate the CP-even and CP-odd components [23] , which requires fitting time dependent angular distributions. The three angles are shown in Fig. 9 . Figure 9 : Pictoral description of the decay angles. On the left θ and φ defined in the J/ψ rest frame and on the right ψ defined in the φ rest frame. (From T. Kuhr [24] .).
In addition to the three P-wave amplitudes in the decay width, an additional amplitude due to possible K + K − S-wave also must be considered [18] . The complexity of the analysis scheme is shown by writing the distribution of the signal decay time and angles, described by a sum of ten terms, corresponding to the four polarization amplitudes and their interference terms. Each of these is the product of a time-dependent function and an angular function [23] 
The time-dependent functions h k (t) can be written as
where ∆m s is the B 0 s oscillation frequency. The coefficients N k and a k , . . . , d k can be expressed in terms of φ s and four complex transversity amplitudes A i at t = 0. The label i takes the values {⊥, , 0} for the three P-wave amplitudes and S for the S-wave amplitude. For a particle produced in a B 0 s flavour eigenstate the coefficients in Eq. 3.7 and the angular functions f k (θ , ψ, φ ) are then, given in Table 3 .1 [26] , where δ 0 = 0 is chosen arbitrarily The differential decay rates for a B 0 s meson produced at time t = 0 are obtained by changing the signs of φ s , A ⊥ (0) and A S (0), or, equivalently, the signs of c k and d k . 1 Note, that for the J/ψπ + π − final state, only line #7 in Table 3 .1 contributes.
Results of the analyses are presented in the ∆Γ s − φ s plane, since earlier low statistics data had significant correlations. The current results are shown in Fig. 10 for several experiments. Table 2 : The components of the decay width contributing to Eqs. 3.6 and 3.7, where δ i j ≡ δ i − δ j , e.g.
The LHCb result, φ s = 0.001 ± 0.101 ± 0.027 rad is the most accurate and dominates the average. Combining with the J/ψπ + π − result LHCb finds [25]
which is consistent with the SM prediction. I choose to determine the B 0 s lifetime and ∆Γ s based on measurements of only fully reconstructed decays where all the final state particles are seen. Fig. 11 shows the data from four separate determinations using J/ψφ , two using J/ψ f 0 (980), one using D + s π − at fully mixed CP state, and one using K + K − .The last mode is a CP-even eigenstate where the effects of CP violation are taken to be negligible. The results to an overall fit are shown in the black oval covering 39% confidence level (CL). They are τ s = 1.509 ± 0.010 ps,
These result agree very well with the theoretical predictions.
[ps] s Γ 1/ There is another way CP violation can show itself in B 0 decays. Consider the asymmetry defined as
The difference here with Eq. 3.2 is that the final state f is flavour specific, f = f , and at zero decay time both Γ M → f = 0 and Γ M → f = 0. For example, in the case of B 0 s decays the asymmetry between the decay rates for B 0 s → D + s µ − ν and B 0 s → D − s µ + ν can be measured. Another method is to use events where both b-flavoured hadrons decay semileptonically, i.e. to X µν. When one b mixes and the other decays these events produce like-sign muons, and the difference between µ + µ + and µ − µ − events can be examined.
In the SM the asymmetry is related to decay width as a sl = (∆Γ/∆M) tan φ 12 , where tan φ 12 = − arg (−Γ 12 /M 12 ). The asymmetries are expected to be very small in the SM, −4.1 × 10 −4 , and 1.9 × 10 −5 for B 0 (a d sl ) and B 0 s (a s sl ), respectively [30] . The D0 collaboration, however, reported an anomalously large value for the dimuon asymmetry of A b sl = (−0.787 ± 0.172 ± 0.093)% [31] . As they are summing over B 0 and B 0 s decays, they graph their results as the purple band shown in Fig. 12 . As the width of the band corresponds to ±1σ uncertainty, their result is 3.9σ from the SM value. If confirmed, this would be a clear indication of NP. Subsequently D0 measured the individual semleptonic asymmetries a s sl [33] and a d sl [34] using semileptonic B decays, where a single muon is detected in conjunction with a charmed meson. The invariant K + K − π ± mass distribution, where the K + K − is required to be consistent with the φ meson mass, for putative B 0 s → D ± s µ ∓ X decays is shown in Fig. 13 , where the X indicates a missing neutrino plus possibly additional mesons. The events in the D s signal peak come predominantly from B 0 s decays. The measurement results from counting the number of D + s µ − versus D − s µ + events and correcting for any residual detector asymmetries. From these data D0 finds a s sl = (−1.08 ± 0.72 ± 0.17)%, and from studying D ± µ ∓ X decays, with
Combining their di-muon results, including some separation into a s sl and a d sl values based on muon impact parameter, with the semileptonic measurements, Bertram compares the D0 measurements with the SM in Fig. 14 [35] .
There is a differing world view on these asymmetries. The B-factories have produced measurements of a d sl that average to 0.0002 ± 0.0031 [28] . LHCb recently measured the asymmetry in semileptonic B 0 s decays, in a similar manner as D0, using a 1.0 fb −1 data sample. The K + K − π ± mass spectra is shown in Fig. 15 for candidate decays with a muon of opposite charge to the candidate D s meson. LHCb periodically reverses the polarity of their spectrometer magnet, as did D0. This data is for one configuration only (magnetic field down). The excellent mass resolution allows the D + and D + s signals to be completely separated. LHCb has different detection efficiencies, in principle, for π + versus π − and µ + versus µ − . In each magnet setting the tracking efficiency differences mostly cancel considering the binary pairs π + µ − versus π − µ + . Most of the remaining differences are cancelled by averaging the two opposite magnet polarities.The different muon triggering efficiencies are evaluated using a sample of about one million J/ψ → µ + µ − found in events that were triggered independently of the J/ψ. LHCb finds a s sl = (−0.24 ± 0.54 ± 0.33)% [36] . Measurements from the B-factories and LHCb are plotted in Fig. 16 . The data are completely consistent with the SM, and differ somewhat from the D0 results. 
Mixing and CP violation in Charm
LHCb recently measured mixing in the D 0 − D 0 system at more than 5σ significance [37] , consistent with the average of several other less significant results [28] . Measurement of charm mixing at the levels seen is expected in the SM. Measurement of CP violation at the ∼ 1% level, however, was not expected. An interesting paper discussed the possibility of seeing NP in charm CP violation specifically by looking at singly Cabibbo suppressed decays [38] . Using the same definition for asymmetry as in Eq. 3.2, the Cabibbo suppressed final states D 0 → K + K − and D 0 → π + π − have been investigated. A flavor tag is provided by using D 0 that result from D * ± → π ± D 0 decays. In order to cancel the effects of D * ± production asymmetries and π + versus π − detection asymmetries, the difference between time-integrated asymmetries ∆A CP = a CP (K + K − ) − a CP (π + π − ) is determined. LHCb first published a 3.5 standard deviation result [39] . When averaging data from CDF [40] and Belle [41] , I find ∆A CP = (−0.74 ± 0.15)%. However, none of the experiments by itself has a result of more than 3.5σ significance, and more data are needed to see if the result is real. Meanwhile the theory community continues to argue if this asymmetry difference can be explained by the SM [42] . I choose to treat this as a limit on NP of 1%> −∆A CP > 0%.
Exclusive rare decays
We have seen that the inclusive "rare" decay b → sγ has a relatively accurate SM prediction (see Sec. 2). Other well determined predictions exist for exclusive rare decays. Since these decays have suppressed branching fractions the possibility that NP can make large contributions is enhanced.
B
Heavily suppressed in the SM partially due to helicity conservation, the decay B 0 s → µ + µ − is predicted by Buras [43] to have a branching fraction, after a correction due to the relatively large size of ∆Γ s , of (3.5 ± 0.2) × 10 −9 [44] . The SM branching fraction for the corresponding B 0 decay is even smaller due to the smallness of the CKM element |V td | compared with |V ts |. The SM diagrams are shown in Fig. 17 , along with possible interfering diagrams from NP processes. We note that many NP models are possible not just the one example of super-symmetry that is shown. While upper limits on this process have been established by several experiments, as shown in Fig. 18 , a new LHCb result sees evidence of a signal [45] . 2 LHCb has unique capabilities at the LHC to study purely hadronic decays of b-flavoured hadrons. In the case of this analysis such decays are used to study selection criteria, backgrounds and to measure the transverse momentum, p T , dependence of the ratio of B s to B 0 production, called f s / f d . Multivariate discriminants are trained using several variables, including track impact parameters, B lifetime, B p T , B isolation, muon isolation, minimum impact parameter of muons, etc... The signal properties are established using fully reconstructed B decays into two oppositely charged hadrons. The signals for four different final states are shown in Fig. 19 . The analysis is done applying two different multivariate discriminates in sequence. The last one is a Boosted Decision Tree (BDT), which is constructed to have the signal probability flat in BDT, and the background peaked around zero. The data show a 3.5 standard deviation significance signal from the final fit. The projection for the final boosted decision tree variable, BDT>0.7 is shown in Fig. 20 .
To find a branching fraction one needs to determine not only the number of signal events and their average detection efficiency, but also the total number of B The most precise is semileptonic b decays [46] , and the second is specific hadronic channels us- ing a theoretical model. The average of the two methods gives f s / f d = 0.256 ± 0.020 [47] . 3 The hadronic channels also allows an exploration of the pseudo-rapidity, η, and p T dependence. It is found to be independent of η, but in p T the B 0 s /B 0 yield decreases as shown in Fig. 21 . For
LHCb the p T distribution of the signal is quite similar so little systematic uncertainty is introduced.
Other LHC experiments have in the past used the LHCb value for f s / f d ; they will have to take into account this p T dependency in the future.
The most important implication of this measurement is that it is consistent with the SM prediction. It rules out many SUSY models especially those with large values of the parameter tan β [48] . Many NP models are eliminated or severally constrained when looked combined with other mea- 3 The hadronic channels used are surements. For example, the concurrently available upper limit on B(
at 95% CL is plotted versus B(B 0 s → µ + µ − ) for several models including the SM in Fig. 22(a) . Here the space taken by any particular model is caused by a "reasonable" variation of its parameters. In Fig. 22 Here the 4th generation quarks would cause the Higgs production cross-section to be nine times larger and suppress the decay into γγ [49] . Other models with multiple Higgs doublets are allowed for heavy fourth-generation quarks with masses larger than 400 GeV [50] . 
B → K * + −
The process B → K * + − is well worth studying as it proceeds via two SM model loop diagrams, thus allowing for substantial NP contributions, and it is well predicted in the SM [52] . The diagram for the specific decay channel B 0 → K * 0 µ + µ − is shown in Fig. 23 . Although this is an exclusive hadronic decay as contrasted with corresponding inclusive decay b → s + − , there is sufficient precision in the theoretical predictions to make this an exceeding interestly mode to study [52] , especially useful as the exclusive decay is much more experimentally accessible. Indeed, there are many suggestions for variables to use to uncover NP in this decay. Here I will use just q 2 the four-momentum transfer between the B and the K * , and the forward-backward asymmetry, A FB , defined as the angle of the µ + with respect to the B direction in the di-muon rest frame. An essentially identical diagram can be drawn for the Kµ + µ − , but the spin-0 K provides a less interesting final state in terms of decay amplitudes. The decay rates as a function of q 2 from four experiments BaBar [53] , Belle [54] , CDF [55] . and LHCb [56] are shown in Fig. 24 and compared with a theoretical prediction [57] . All four experiments agree with the prediction; LHCb has the most precise measurements. A FB is more sensitive to NP. The LHCb results and an average of the data from all four experiments shown in Fig. 25 , however, are quite consistent with the SM prediction. LHCb also measure the point at which A FB crosses zero as (4. Standard Model NP models
Sign of C reversed 7 Sign of C C reversed 9 10 Signs of C & C C reversed µ + µ − decay. The data are from LHCb, and the theory curves are from Bobeth et al. [57] . The SM prediction is shown shaded with the band covering ±1 standard deviation uncertainty estimates. The non-SM curves are labeled with C i , the meaning of which will be discussed in the next section. Also shown is the data averaged over all four experiments, where the horizontal axis is shifted somewhat with respect to the LHCb data.
Other rare b → s processes
Other processes dominated by the b → s transition can be combined with the previously discussed ones in a common analysis framework. The formalism developed starts with writing the effective Hamiltonian as [59] 
where the C i and O i represent SM coefficients and operators, and the C i and O i represent NP coefficients and operators. The operators most sensitive to NP effects are
where m b denotes the running b quark mass in the MS scheme, P L = (1−γ 5 )/2, and P R = (1+γ 5 )/2. The NP operators O are found by switching P R for P L and vice-versa [60] . There are other rare b → s processes that contribute to the NP search. One important one is the exclusive decay B 0 → K * 0 γ, K * 0 → K s π 0 . Time dependent CP violation for this process is given
Including generic NP operators, the expected asymmetry is parameterized as
The SM prediction for S K * γ , where C 7 = 0, is (−0.023 ± 0.016), while the measurement from BaBar and Belle [61] is −0.16 ± 0.22. Clearly reducing the error would be useful, but the measurement, as we will see, is already useful.
Another useful process is the inclusive decay b → s + − . Here two four-momentum transfer, q 2 , regions are defined, one at low values 1 < q 2 < 6 GeV 2 which again probes C 7 and the other with q 2 > 14.4 GeV 2 which examines both C 9 and C 10 . This is similar to the coefficients probed in the exclusive
Putting all of the channels together Altmannshofer and Straub provide constraints on the real and imaginary parts of the NP parameters shown in Fig. 26 . The SM points are at (0,0), consistent with the analysis within 2σ in all cases. 
5. Tree level decays with "abnormal" behavior
Here we depart from the paradigm of considering NP via loop diagrams and look instead at a the suppressed diagram shown in Fig. 27 . The branching fraction in the SM is given by
where V ub is a small CKM element and f B is the B meson decay constant. Helicity suppression, caused by having the spin-0 B − decay into a left-handed lepton and a right-handed anti-lepton whose helicities align for massless leptons and thus tend to form a spin-1 system, is partially broken due to the relative large value of m τ with respect to m B − . New physics could enter here by having another charged boson, e.g. a virtual H − also participate in the decay instead of the W − [69] . The measurements of the branching fraction have been made by BaBar and Belle. Both collaborations have separate determinations where they either fully reconstruct a hadronic decay or a semi-leptonic decay tag, and look for evidence for a τ − decay on the other side requiring little extra energy in the event after accounting for the tag and the τ − decay products. The experimental measurements have been compiled by Rosner and Stone [64] and listed in was constructed assuming that the systematic uncertainties in the two measurements are uncorrelated, while BaBar supplies their average. The measurements are all very consistent, perhaps too consistent, considering the quoted uncertainties. Prior to this conference one inconsistency stood out that could be the first sign of NP. The CKM fitter [62] and UTfit [63] groups had explored the consistency of all processes, by relating the the CKM constants A, λ , ρ and η to individual measurements, and deriving values for these numbers. While the overall consistency was at the ∼ 2σ level, delving into the individual measurements showed a looming difference between the value of the CP violating asymmetry in B 0 → J/ψK 0 S decays, sin 2β , and the value of B (B − → τ − ν). The CKM fitter group showed this discrepancy nicely by predicting the values of sin 2β and B (B − → τ − ν) without using either measurement and comparing the prediction with actual measurements; see Fig. 28 . The experimental average for sin 2β is consistent with the predicted value, while the pre-conference value of B (B − → τ − ν) is higher by a bit more than 2σ . This problem was taken quite seriously by some: one paper appeared entitled "Demise of CKM and its aftermath" [70] . As we shall see shortly, this conclusion may have been a bit premature. At this conference Belle presented a new measurement using hadronic tags [71] . In doing so, they made several significant advances. First of all they improved their low momentum tracking efficiency thus obtaining a factor of 2.2 improvement in the number of hadronic tags. Secondly, they increased the data sample by a factor of 1.7, they also changed their analysis technique ob- taining an improved signal efficiency by a factor of 1.8, and using besides extra energy, E ECL , they include information from the missing mass squared, M 2 miss , calculated from the hadronic tag and the τ − decay products. These distributions are shown in Fig. 29 .
The E ECL signal distribution peaks at zero but is widened by detector and initial state radiation effects. The M 2 miss signal distribution is easy to predict from well understood τ − decays and is flatter than the background distribution adding to the discrimination power of the analysis. With these improvements the result is only 40% of its previous value:
being only about 3σ significant. This branching fraction is also shown in Fig. 28 and is completely consistent with the sin 2β measurement. We await updates using semileptonic tags from Belle as well as BaBar updates.
The semileptonic decay B → D ( * ) τ − ν proceeds in the SM via the tree-level diagram shown in Fig. 5(a) , where the c quark and light spectator quark form a D or D * meson. As in the previous case a new charged boson could also modify this diagram especially if its coupling to the τ − were enhanced [72, 73] . BaBar has recently shown a new analysis of these decays [74] . This analysis also requires tagging, but here only fully hadronic decay tags are used. The τ − is observed only in its fully leptonic decays to µ − or e − , so three neutrinos are missing. The main variables used to discriminate signal from background are the M 2 miss calculated here using the tag plus the lepton, and the magnitude of the momentum of the lepton in the B rest frame, |p * |. The data are shown in Fig. 30 . The large shaded (blue) peaks correspond to either the B → D − ν or the B → D * − ν channel and thus in this case constitute a background. The solid black regions correspond to D * * production and also are a background that has a similar shape to the signal. Only the non-shaded (red) region in the top plot and the non-shaded (green) region in the bottom plot constitute signal. While it is difficult to separate the D * * from the signal components, BaBar has used events with an extra π 0 to estimate this contribution directly from the data.
Results are reported in terms of ratios R(D ( * ) ) = B(B → D ( * ) τ − ν)/B(B → D ( * ) − ν). These quantities are well predicted in the SM [73] . The comparison is shown in Table 5 : Belle results for the ratios R(D ( * ) ) compared to the SM prediction.
+1.8σ
the results disagree with these expectations at the 3.4σ level. 4 Belle had previously measured these ratios [75] and found excesses beyond the SM predictions; their results are listed in Table 5 .2. Note however that the Belle results are not published, even though they were disseminated in 2009, and have rather large uncertainties compared to BaBar. It would be really interesting to have an updated analysis using the new tagging techniques that Belle uses in their most recent B − → τ − ν paper to see if NP in these channels can be established.
6. Other searches: the dark sector and Majorana neutrinos
The dark sector
Could it be that there are 3 classes of matter? One being well known SM particles with charges [SU(3)xSU(2)xU(1)], the second being dark matter particles with "dark" charges, and the third being a form of matter that has both charges, called "mediators."
In one such proposal [76] the mediator is a particle of the U(1) gauge group and is nicknamed a "dark photon," playing on the oxymoronic nature of the name. In one experimental study BaBar looked for such mediators coupling to b quarks [77] . The idea was to see if there were any events where the ϒ(1S) decayed into a real photon plus no visible energy. No such events were found and limits on branching fraction between ≈ 10 −6 − 10 −4 are set, depending on the kinematical distributions of the photon.
The coupling between the dark sector and the quark sector is specified by ε, and the dark photon mass is labeled as mA . Several other searches have been made and reviewed by Echenard [78] . They are summarized in Fig. 31 . There will be more experimental tests of these ideas, although these searches have already produced significant limits. Figure 31 : Constraints on the mixing parameters, ε, as a function of the hidden photon mass derived from searches in ϒ(2S, 3S) decays at BaBar (orange shading) and from other experiments [76, 79, 80] (gray shading). The red line shows the value of the coupling required to explain the discrepancy between the calculated and measured anomalous magnetic moment of the muon [81] . From Echenard [78] .
Majorana neutrino production in B − decays
A crucial question in formulating theories beyond the SM is whether or not neutrinos are normal Dirac spin 1/2 fermions, or if they are their own anti-particles as suggested by Majorana [82] . If neutrinos are indeed Majorana then they allow a process called neutrinoless double-β decay, shown in Fig. 32(a) [83] . This process can proceed for any value of the Majorana neutrino mass as the particle is virtual in this diagram. A similar process for B − decays is shown in Fig. 32(b) . Each µ − here can be replaced by an e − or a τ − . Belle [84] and LHCb [88] have searched for these decays without success. Upper limits are given in is not competitive with nuclear double-β decay. The other modes, however, are unique since the measure coupling of the Majorana neutrino to muons. Majorana neutrinos with mass below that of the B can be searched for directly. Consider the annihilation diagram shown in Fig. 33 . The process is similar to the one for B − → τ − ν shown in Fig. 27 , but here the neutrino being Majorana and on shell can transform into a µ − and a virtual W + , which can materialize into hadrons. In particular the decay rate into π + and D + s has been predicted as a function of the coupling between the heavy Majorana neutrino and the lepton, |V µ4 | LHCb has searched for these decays. They did not find any signals but have set the best experimental limits on |V µ4 | as a function of the Majorana neutrino mass, for values just above the pion mass to just below the B − mass, shown in Fig. 34 [88] . Other searches have been carried out using like-sign dileptons at higher masses [89] .
Conclusions
Although there is no compelling evidence yet for NP, Flavour Physics is very sensitive to potential effects at high mass scales. All NP theories must satisfy stringent experimental constraints. LHCb has been very effective at dispelling effects with marginal statistical significance, although a s decays may show NP effects with increasing precision, and need to be aggressively pursued. Flavour based experiments also are looking for evidence that neutrinos are Majorana, and direct links to dark matter. We are looking forward to defining the next theory beyond the SM either with our current and near term data or with new future facilities including Belle-II [90] , and the proposed LHCb upgrade [91] .
